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Since 1985 balloon angioplasty, followed by surgical rep_air if 
angioplasty is unsuccessful, has been used as a treatment strategy 
for eligible children with discrete native coarctation of the aorta. 
Although baUoon angioplasty has been successful in most patients, 
this strategy is appropriate only if surgery is safe and effective in 
children in whom angioplasty does not succeed. To address this 
issue, the surgical procedure and clinical outcome in 11 children 
who underwent surgery after unsuccessful baUoon angioplasty 
(defined as a residual systolic gradient >20 mm Hg in 10 and a 
saccular aneurysm in 1) were evaluated. Data for subjects were 
compared with data for a control group of seven children who had 
surgical repair of a discrete coarctation without prior angioplasty 
during the same time period. 
In the study group, baUoon angioplasty was performed at 4.3 
± 1.2 years of age, resulting in a balloon/isthmus ratio of 0.98 ± 
0.05 and decreasing mean peak systolic gradient from 54 ± 3 to 27 
± 2 mm Hg (p < 0.001). Follow-up angiography (n = 7) or 
Balloon angioplasty has been utilized as an alternative to 
surgery in the treatment of native coarctation of the aorta. 
However, the procedure remains controversial because its 
success rate is generally lower than that reported for surgical 
repair. Unsatisfactory outcome after angioplasty for native 
coarctation is due to persistent stenosis or to aneurysm 
formation, which together affect 20% to 30% of patients 
(1-6). Therefore, angioplasty is appropriate only if those 
children who have an unsuccessful procedure can undergo 
subsequent surgical repair without increased risk. 
At the C. S. Mott Children's Hospital, a two-stage 
treatment strategy is used for patients with discrete coarc-
tation of the aorta. First, percutaneous balloon angioplasty is 
performed on consenting eligible patients. If angioplasty is 
unsuccessful, it is followed by the second stage-elective 
surgical repair. The purpose of this study was to document 
the efficacy and safety of surgical repair after unsuccessful 
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nuclear magnetic resonance imaging (n = 4) documented a 
discrete residual stenosis in 10 patients and a small saccular 
aneurysm in 1. Collateral circulation decreased in three patients. 
The subsequent surgical procedure and its outcome were similar 
in the study and control groups. Chylothorax was the only 
complication, occurring in one child from each group. No para-
plegia or mortality occurred. Pathologic examination revealed 
irregular intimal surfaces with smaU flaps of intima in 5 of 10 
resected specimens from the study group and in 2 of 6 from the 
control group. 
Follow-up evaluation 1.1 ± 0.2 years after operation for the 
subjects and 0.6 ± 0.3 year for the control group documented 
similar mild residual gradients and normal systolic blood pres-
sures in both groups. Thus, surgical repair appears to be safe and 
effective after unsuccessful balloon angioplasty of native coarcta-
tion. 
(}Am Coli Cardio/1992;19:389-93) 
angioplasty of native coarctation and to describe the patho-
logic appearance of the resected segments. The study sub-
jects are compared with a control group of patients who 
underwent surgical repair of a discrete coarctation of the 
aorta as their only therapeutic intervention during the same 
time period. 
Methods 
Study group. Between August 1985 and October 1989, 11 
children underwent elective surgical repair after unsuccess-
ful angioplasty of native coarctation of the aorta. These 
children form the study group. They met the eligibility 
criteria for angioplasty at our institution: discrete coarcta-
tion of the aorta, rest systolic gradient ~30 mm Hg and 
absence of associated structural cardiac lesions requiring 
surgery. The protocol was approved by the Institutional 
Review Board of the University of Michigan Medical Center 
and informed written consent was obtained from each child's 
guardian. 
Angioplasty was performed from a retrograde arterial 
approach .as previously described (1). Each patient under-
went systemic heparinization (lOO U/kg body weight). The 
angioplasty catheter was selected with a balloon size approx-
imately equal to the isthmus diameter just distal to the left 
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Table 1. Clinical and Hemodynamic Data in 11 Children Undergoing Surgical Repair After Unsuccessful Balloon Angioplasty for Native 
Coarctation of the Aorta 
Asc Aorta 
Age Isthmus Balloon 
CoA Gradient Systolic Pressure Collateral 
(mmHg) (mmHg) Vessels Length of (yr)/ Diameter Diameter F/U 
Case Gender (mm) (mm) Pre F/U Pre F/U Pre F/U (yr) 
I 0.6/M 6 7 66 28 148 120 Mod Mod 
2 1.4/M 8 8 60 30 !55 120 Mod Mod 
3 13.9/F 15 12 55 36 160 136 Few Few 1.3 
4 4.7/M 10 12 45 19 130 125 Many Mod 0.9 
5 4.4/M 9.5 10 42 25 140 137 Many Mod 1.1 
6 7.7/M 14 10 62 25 !55 119 Mod Few 1.3 
7 0.2/M 5 5 62 45 115 130 Mod 0.1 
8 4.5/M 10 8 51 32 122 124 Mod Mod 0.4 
9 4.4/M 9.5 10 50 40 120 145 Many Mod 0.4 
10 4.3/M 8 8 33 30 105 130 Few 0.3 
11 1.5/M 6.5 8 67 32 !52 120 Few Few 1.7 
Mean 4.3 9.2 8.9 53.9 27 136.5 127.8 0.9 
SEM 1.2 0.9 0.6 3.3 2.1 5.7 2.6 0.2 
Asc = ascending; CoA = coarctation of the aorta; F/U = postangioplasty follow-up before surgery; M = male; Mod= moderate; Pre = before angioplasty; 
- = no data (no angiogram performed). 
subclavian artery. Balloon inflations were performed manu-
ally until the coarctation waist disappeared. After angio-
plasty, pressure measurements were repeated and an as-
cending aortogram was obtained to evaluate the coarctation 
site for intimal tears or aneurysm formation. Collateraliza-
tion was graded subjectively on the basis of the number and 
size of collateral vessels. Collateral vessels were described 
as few if there were only a few small anterior collateral 
vessels; as moderate if there were also moderate intercostal 
arteries and large, tortuous internal mammary arteries and as 
many if there were large anterior, posterior and lateral 
collateral networks. 
Follow-up. Follow-up evaluation after the angioplasty 
procedure consisted of repeat cardiac catheterization with 
angiography (n = 7) or upper and lower limb blood pressure 
measurements and nuclear magnetic resonance imaging (n = 
4). On the basis of this evaluation, angioplasty was defined 
as unsuccessful by the presence of a residual systolic gradi-
ent ~20 mm Hg in 10 children and a saccular aneurysm in 1 
child. Surgical repair was subsequently performed in all 11 
children. The efficacy of their postangioplasty surgical repair 
was evaluated with cuff blood pressure measurements in the 
right arm and left leg performed at routine follow-up cardi-
ology clinic visits. 
Control group. The control group included all seven 
children who underwent surgery for native coarctation of the 
aorta without prior angioplasty from August 1986 to October 
1989. They had discrete stenosis and a systolic pressure 
gradient ~30 mm Hg and would have been eligible for 
balloon angioplasty. However, surgical repair was per-
formed because consent was refused for angioplasty (five 
children) or because the procedure was unable to be per-
formed for technical reasons (two children). In one of these 
two, the area of coarctation could not be crossed; in the 
other, percutaneous arterial access could not be attained. 
The control group was evaluated by cuff blood pressure 
measurements in the right arm and left leg before and after 
surgery. 
Pathologic evaluation of the resected coarctation seg-
ments from both study and control patients was performed 
using hematoxylin-eosin and Movat pentachrome stains. 
Statistical analysis. Data are presented as mean values ± 
SEM. Data obtained before and after angioplasty or surgery 
were compared with use of a two-tailed Student's t test for 
paired observations. Continuous data were compared be-
tween groups with use of a Student's t test and categoric data 
were compared with a Fisher's exact test. A p value of <0.05 
was required for evidence of a significant difference. 
Results 
Clinical characteristics (Table 1). Eleven children with 
unsuccessful balloon angioplasty underwent surgery as the 
second step in the treatment strategy for coarctation of the 
aorta. At the time of angioplasty these children ranged in age 
from 0.2 to 13.9 years (mean 5.7 ± 1) and in weight from 4.7 
to 47.3 kg (mean 17 ± 3.5). One child had Turner's syn-
drome, five children had an associated small patent ductus 
arteriosus and two infants had congestive heart failure. The 
control group of seven patients was comparable preopera-
tively, with ages ranging from 0.4 to 8 years (mean 4 ± 1) and 
weights ranging from 3.8 to 29.7 kg (mean 15 ± 3.4). Two 
children had mild aortic and mitral stenosis and one child 
had a small atrial septal defect. Preoperatively, the peak 
systolic pressure gradient across the coarctation was 54 ± 
3 mm Hg for the study subjects and 53 ± 4 mm Hg for the 
control group; systolic blood pressure was 137 ± 6 and 137 
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Figure 1. Patient 4. Anteroposterior aortogram, 0.9 year after 
angioplasty, demonstrating residual stenosis and a small saccular 
aneurysm. 
± 4 mm Hg, respectively. No significant differences between 
the groups are present for these variables. 
Angioplasty. Balloon angioplasty was uncomplicated in 
all 11 study subjects. The balloon/isthmus ratio was 0.98 ± 
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0.05 (range 0.71 to 1.23). After angioplasty, the mean peak 
systolic gradient decreased from 54 ± 3 to 27 ± 2 mm Hg 
(p < 0.001). No dissections or aneurysms were noted on 
angiography immediately after the procedure. Follow-up 
evaluation was performed 0.9 ± 0.2 year (range 1 month to 
1.7 years) after angioplasty. Discrete residual stenosis was 
documented in 10 children and the new appearance of a 
small saccular aneurysm was noted in 1 child (Fig. 1). 
Decreased collateral circulation (compared with that before 
angioplasty) was noted in three of the seven children evalu-
ated by angiography. 
Surgery (Table 2). All study subjects and control children 
underwent elective surgical repair, which was performed 1.4 
± 0.4 years after balloon angioplasty in the study subjects. 
Surgical repair consisted of resection and end to end anas-
tomosis in eight study subjects and five control patients. 
Patch aortoplasty and subclavian flap aortoplasty were each 
performed in one child in each group. Resection and a 
12-mm interposition graft was required in the subject with an 
aneurysm. The total cross-clamp time was 27 ± 2 min for the 
study subjects and 25 ± 2 min for the control patients (p = 
NS). Left heart bypass was required in one subject (Case 3) 
who had few collateral vessels before balloon angioplasty. 
Chylothorax complicated the operation in one child from 
Table 2. Operative and Postoperative Follow-Up Data for Study Group (Postangioplasty) and Control Group 
Age at Hospital Length of CoA Asc Aortic 
Op (yr)/ Cross-Clamp Stay Postop F/U Gradient Systolic Pressure 
Gender Technique Bypass Time (min) (days) Complications (yr) (mmHg) (mmHg) 
Study subjects 
I 3.1/M Resection No 34 6 None 1.5 14 106 
2 3.1/M Subclavian No 24 7 None 2.2 0 100 
3 15.2/F Patch Yes 38 8 None 2.2 -2 110 
4 6/M Graft No 32 7 None 1.3 10 108 
5 5.7/M Resection No 31 7 Chylothorax 1.2 -2 110 
requiring reop 
6 12/M Resection No 28 9 None 0.3 -8 82 
7 0.3/M Resection No 23 14 None 1.8 2 92 
8 4.9/M Resection No 19 6 None 0.2 -4 108 
9 4.8/M Resection No 15 7 None 0.2 0 110 
10 4.6/M Resection No 6 None 0.1 6 118 
11 3.2/M Resection No 28 7 None 0 116 
Mean 5.7 27.2 7.6 1.1 1.4 105 
SEM 1.2 2.2 0.7 0.2 1.9 3 
Control patients 
I 3.9/M Resection No 15 5 None 0.3 4 96 
2 6/M Resection No 26 7 None 0.3 6 % 
3 7.7/F Subclavian No 26 8 None 0.2 14 126 
4 0.4/M Patch No 30 7 None 2.4 11 110 
5 2.3/M Resection No 32 7 None 0.4 -4 95 
6 5.3/M Resection No 30 7 None 0.4 4 88 
7 1.4/M Resection No 18 8 Chylothorax 0.4 2 110 
Mean 3.7 25.3 7 0.6 5.3 103 
SEM 1.1 2.4 0.4 0.3 2.2 5 
p 0.28 0.58 0.50 0.25 0.23 0.67 
Op = operation; Patch = patch aortoplasty; Postop F/U = postoperative follow-up; reop = reoperation; Subclavian = subclavian patch aortoplasty; other 
abbreviations as in Table I. 
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Figure 2. Patient 5. Intimal flap and shallow tear and disruption into 
media by red cells. Movat pentachrome stain X 59, reduced by 40%. 
each group. Neither paraplegia nor death occurred. The 
length of the hospital stay was 7.6 ± 0. 7 days for the study 
subjects and 7 ± 0.4 days for the control patients (p = NS). 
Follow-up (Table 2). The duration of follow-up was 1.1 ± 
0.2 years after operation in the angioplasty group and 0.6 ± 
0.3 year in the control group (p = NS). All patients have had 
a satisfactory outcome. The mean residual systolic pressure 
gradient was 1.4 ± 2 mm Hg in the study group and 5.3 ± 
2 mm Hg in the control group (p = NS). Rest systolic blood 
pressure was nearly equal in both groups. All children were 
asymptomatic and normotensive without medication. 
Pathology. Ten of the resected specimens from the an-
gioplasty group and six from the control group were avail-
able for examination. Intimal flaps were observed in five 
study subjects and two control patients. Medial tears were 
present in four study subjects and no control patients. All 
medial tears observed in this study were shallow and did not 
approach the full thickness of the media (Fig. 2). Aneurysms 
were not seen in either group. The subject whose aortogram 
showed an aneurysm was included but the specimen submit-
ted for histologic evaluation showed no evidence of aneu-
rysm formation. Areas of intimal proliferation were seen but 
did not obstruct the lumen (Fig. 3). 
Discussion 
These data document that surgical repair can be per-
formed safely and effectively after unsuccessful balloon 
angioplasty of native coarctation of the aorta. The surgical 
procedure and clinical outcome after angioplasty in the study 
group were similar to those in a comparable group of control 
children who underwent surgical repair without prior angio-
plasty. All children at follow-up have a residual gradient 
<15 mm Hg with no significant difference between the two 
groups. All patients are normotensive, asymptomatic and 
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Figure 3. Patient 5. Healed intimal flap compressing and splitting 
the elastic laminae of the aortic wall. The intimal proliferation does 
not occlude the vessel lumen. Movat pentachrome stain x29, 
reduced by 40%. 
receiving no medication. The only complication from sur-
gery was chylothorax, which occurred in one child from 
each group. Left heart bypass was required in one subject 
with few collateral vessels before angioplasty. An interposi-
tion graft was required in the subject with an aneurysm at the 
coarctation site. There was no paraplegia or mortality in 
either group. 
Previous studies. There have been few previous reports 
of surgical repair after unsuccessful angioplasty of native 
coarctation of the aorta. Brandt et al. (7) reported on seven 
patients who underwent surgical repair after balloon angio-
plasty: three because of residual stenosis and four because of 
anatomic abnormalities referred to as aneurysms. None had 
evidence of significant residual stenosis after surgery. Para-
plegia developed in one patient (operated on at an outside 
center), prompting the authors' concern that balloon angio-
plasty may alter collateral flow and thereby increase the risk 
of subsequent surgical repair. In our study, collateral circu-
lation was decreased on follow-up angiography in three of 
seven patients in the angioplasty group. However, surgical 
repair was uneventful in these patients and no paraplegia 
was encountered. Left heart bypass was required in only one 
patient in this series who had poor collateral circulation 
before angioplasty. 
Brandt et al. (7) also evaluated the resected specimens 
and found linear intimal tears at the site of coarctation with 
extension both proximal and distal to the site. All seven 
specimens showed thinned media and an absence of elastic 
fibers. Three specimens had neofibroelastic proliferation that 
appeared to occlude the lumen. The pathologic changes in 
our subjects who had prior balloon angioplasty were less 
impressive. The intimal changes in these subjects did not 
differ significantly from those in the control patients; intimal 
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flaps were noted in five study subjects and two control 
patients. Medial tears were seen in 4 of 10 study subjects and 
in none of the 6 control patients. The media showed some 
disorganization of elastic tissue but no thinning and the 
neofibroelastic proliferation was not occlusive. It should be 
noted that our specimens were from an unsuccessful angio-
plasty group, as were those from the group of Brandt et al. 
(7) It is possible that the pathologic changes in patients with 
successful angioplasty may be more extensive. 
There have been several other reports (4,5,8-10) of 
surgical repair after balloon angioplasty for native coarcta-
tion, but they did not include follow-up data or comparison 
data from a control group. Morrow et al. (4) reported a 
successful operation in one patient who had a residual 
gradient > 30 mm Hg. Two patients with an aneurysm after 
angioplasty underwent surgical repair with a good outcome 
in a series reported by Cooper et al. (8). Tynan et al. (6) 
reported successful surgical repair in six patients and Rao et 
al. (5,9) in two patients after failed angioplasty. There have 
also been several reports of successful repeat angioplasty 
after an unsuccessful initial dilation. For example, Wren et 
al. (10) reported successful repeat balloon angioplasty for 
restenosis in two patients after the initial balloon angioplasty 
procedure for treatment of native coarctation of the aorta. 
We have not repeated angioplasty after an initial unsuccess-
ful procedure; rather, we have elected to proceed with a 
more conventional surgical treatment. However, repeat an-
gioplasty for those patients with a residual gradient caused 
by scar tissue may be an acceptable alternative and warrants 
further investigation. 
Conclusions. The treatment of coarctation of the aorta 
with balloon angioplasty has been successful in 65% to 80% 
of reported cases (1-6). We have adopted a treatment 
strategy of angioplasty followed by elective surgical repair if 
angioplasty is unsuccessful. Such an approach is appropriate 
only if children with unsuccessful angioplasty can subse-
quently undergo a safe and successful surgical repair. To 
address this issue, we compared the surgical procedure and 
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clinical outcome in 11 children who underwent surgical 
repair after unsuccessful balloon angioplasty with the pro-
cedure and outcome in a control group of 7 patients who 
were treated surgically without prior angioplasty during the 
same time period. There were no significant differences in 
surgical procedures, complications or clinical outcomes. All 
children have had an excellent relief of pressure gradient and 
are normotensive without receiving medication. Although 
the follow-up duration is short and longer term data are 
needed, our findings support the treatment strategy of bal-
loon angioplasty followed by surgery if necessary as safe and 
effective for children with a native coarctation. 
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